Autism affects ß1.5% of children under age 8; its core symptoms include impairment in social-communicative functioning and repetitive behaviors/restricted interests. Music-based interventions have been considered one modality through which to treat autism. This report discusses considerations to take into account when developing a musicbased intervention for a core symptom of autism. Treatment modality must be matched to symptom both clinically and theoretically, the behavior to be treated must be carefully defined and assessed, and outcome measures must be capable of showing improvement in that behavior over the course of the study. Fidelity assessment and rater blinding reduce experimenter bias. High inter-rater reliability for perceptually determined outcome measures helps obtain accurate estimates of treatment response. Later stages of testing compare the experimental intervention to matched control treatments or other validated therapies, isolating the intervention's "active ingredients." Such systematic investigation of a new music-based intervention can provide information of different types, ranging from an assessment of whether the intervention has any effect at all to an assessment of its outcomes and risks in uncontrolled community settings. Findings ultimately compose the evidence base that clinicians and families can use to decide the most effective way of addressing symptoms of autism for particular children.
Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental disorder affecting approximately 1.5% of children. 1 It is defined by (1) the presence of repetitive behaviors/restricted interests and (2) persistent deficits in social communication. 2 The focus of the present work is to discuss how a music-based behavioral intervention for a core symptom of ASD or a behavioral problem associated with ASD can be developed. Our particular emphasis here will be using the development and testing of auditory-motor mapping training (AMMT), a novel intonation-based, spoken-language therapy for minimally verbal (MV) children with autism, to illustrate considerations to take into account when defining and testing behavioral treatments for core symptoms of ASD. It is not our purpose here to exhaustively enumerate the features of empirically based behavioral treatments for ASD, or detailed models of systematic validation and dissemination of such interventions. For more comprehensive tutorials, see Refs. 3-5. The underlying motivation for this article can be summarized by a quote from Ami Klin, Ph.D., in his keynote address at the 2017 International Society for Autism Research meeting: "We are clinicians who want to elevate our clinical feelings [about the therapeutic effect of a musical intervention] to the level of science" (addition ours).
Here, we discuss issues to consider at each stage of the development of a music-based intervention: (1) motivating the need for an intervention and matching the intervention to the behavior, (2) initial systematic application of the intervention, (3) replication and extension of initial findings, and (4) formally assessing efficacy in the laboratory doi: 10.1111/nyas.13609 and effectiveness in the community. Stages 1-3 will be illustrated with examples and results from the ongoing development of AMMT. These stages and some of their interactions are depicted in Figure 1 .
Engaging clinical intuition
The goal of intervention is to increase desired or functional behavior, improving the lives and outcomes of individuals affected by disorders. Clinical intuition provides the initial motivation for employing a specific intervention to modify a specific behavior. Thorough knowledge of the disorder whose symptoms will be treated must be combined with structured, informed observation of the target behavior and with clinical judgment that a particular type of intervention will improve it. This implies three basic steps at the very first stage of intervention development: (1) carefully characterize the disorder, its symptoms, and behaviors; (2) precisely define the target behavior or symptom; and (3) employ sensitive outcome measures that can track changes in symptoms or behaviors and demonstrate response to an intervention.
Careful documentation of diagnosis is vital in ASD research. Best clinical judgment from an experienced clinician should be employed, informed by the use of at least one gold-standard diagnostic instrument. The Autism Diagnostic Observation Schedule 6 (ADOS) is an assessment given to the participant, while the Autism Diagnostic InterviewRevised 7 is a structured interview with a caregiver. Meeting criteria on both instruments provides convergent validity and increases diagnostic certainty. Both instruments require examiners to achieve a specified level of reliability on administration and scoring before they are qualified to use these instruments for research purposes. One advantage of using them, especially if participants are limited to, for example, ADOS Module 1 (for children with at most single words), is to reduce phenotypic heterogeneity, making it more likely that a between-group treatment effect will show up if the treatment is indeed effective.
Careful baseline characterization of study participants can also greatly aid identification of factors predicting response to treatment. This is true in two respects: first, because without an understanding of a learner's abilities and challenges, it is impossible to select what areas treatment should focus on, what supports may be necessary, or even to document progress. 8 Second, even within a group of children who have been identified as being appropriate for a particular treatment, there is still some degree of heterogeneity. Since these individual differences may be related to treatment outcomes, it is important to capture this information in order to refine the treatment or better identify who may benefit from it.
Equal thought should be given to selection of a target behavior. Kazdin 9 suggests targeting behavior that is disturbing, disruptive, or detrimental. Many symptoms of autism uncontroversially fit these criteria; however, mild repetitive behaviors may not. Behaviors such as eye contact are culturally and situationally dependent, calling for caution when working with individuals on the milder end of the spectrum or from other cultures. Regardless of the choice of treatment target, it is important to use objective, clear, and complete criteria to define a measurable behavior. 10 Finally, outcome measures must have functional significance and should be carefully selected using quantifiable parameters, for example, from standardized tests of IQ, socialization, or language. However, many researchers prefer to define their own measures, especially if none exists that covers the behavior in question. Regardless of whether an outcome measure is standardized, it is important that it possess good psychometric qualities.
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For example, a good outcome measure will have high test-retest reliability (so that repeated baseline assessments will all produce similar scores, for example) and yet be sensitive to change (so that improvements can be detected). Carefully operationalizing definitional criteria; demonstrating high inter-rater identification reliability; and blinding raters to treatment group, time point, or other relevant variables are all necessary. Such procedures minimize experimenter bias, increase concept validity, and provide higher levels of confidence that any treatment effect is genuine.
A final issue at this stage is how large a change in the outcome measure defines "meaningful improvement" from a patient's or family's perspective. This is referred to as the minimal clinically important difference 12 (MCID). There are no hard-and-fast rules on what determines an MCID; it must be defined in the context of the disorder. 13 The MCID should be based on a reliable and valid outcome measure and be larger than measurement error on that measure.
14 Note that the MCID is not always constant across all levels of severity of a disorder: 15 a one-point difference may represent a larger degree of improvement for severely affected participants than for mildly affected participants.
A recent study 16 illustrates the importance of carefully defining the MCID. This randomized clinical trial (RCT) tested improvisational music therapy for young children with ASD, finding no significant between-group difference on the ADOS Social Affect subscore after 5 months. However, the ADOS was not designed to measure change in core symptoms of ASD over time. 17 Cognizant of the critical need for outcome measures that are sensitive to improvement in social communication, a novel instrument, the Brief Observation of Social Communication Change 18 (BOSCC), was developed. The BOSCC is appropriate for children with minimal spontaneous language (appropriate for the ADOS modules employed by Bieleninik 16 ) and can be used to score a 10-min free-play interaction. Two intervention studies, not employing music-based treatments, highlight the BOSCC's sensitivity to change. Kitzerow et al. 18 showed a significant decrease in BOSCC scores for 21 participants after 1 year of treatment (-5.6 points, P < 0.001, Cohen's d = 0.63), while ADOS severity scores only showed a trend for change (-0.61, P = 0.061, d = 0.42). Similarly, Grzadzinski et al. 19 followed 50 children from a variety of treatment studies over a mean of 5.9 months. BOSCC scores significantly decreased (-2.53, P < 0.05, d = 0.26), but ADOS social affect scores did not (-0.29, P > 0.05, d = 0.15). The fact that the intervention of Bieleninik et al. 16 did not meet their MCID may therefore reflect a problem not with the intervention but with the outcome measure.
Motivation for AMMT
We wished to develop an intervention for spoken language in ASD. Approximately 25% of children with ASD remain MV past age 5: they use fewer than 20 words to communicate and do not combine words (e.g., "more juice"). 20 MV status is associated with challenging behaviors, such as aggression and self-injury. 21, 22 However, language level independently predicts positive long-term outcomes in ASD. 23 There is thus an urgent need for evidencebased interventions to teach children with MV ASD even a few words with which they can express their needs and wants. While developing useful speech by age 5 significantly predicts long-term language and communication outcomes for children with ASD, 24 the reality is that spoken language may not be feasible or achievable for all children with ASD who are at risk for remaining MV. However, communicating via speech maximizes the number of communication partners that a child has access to and is one way of improving communicative competence or the ability to express themselves to different listeners and in different contexts. 25 Thus, we have developed a speech-related intervention using intonation and hand-tapping on drums as one way of facilitating the engagement of the child and the mapping of sounds to actions.
Theoretical motivation for employing an intonation-based intervention for children with MV ASD comes from three lines of research. First, children with ASD often enjoy the motor behavior that goes with music, 26, 27 and this can be capitalized on in treatment. Numerous studies have shown that mapping sounds with hand actions links perceptual and motor regions in the brain, 28 regions which may be dysfunctional in ASD. [29] [30] [31] [32] [33] [34] [35] [36] Second, relative to typically developing peers, children with ASD show differences in brain regions subserving language. The right-hemisphere structures involved with vocal communication may be more functionally significant for them. Homotopic right-hemisphere structures have been found to be more sensitive to stimuli with large pitch variations. 37 For example, Abrams et al. 38 showed that the right hemisphere is more sensitive than the left to coding the envelope (the slow temporal features) of speech and may integrate information over longer time windows than corresponding lefthemisphere structures. Even very young children with ASD show anatomical and functional reversal of the usual left-right asymmetry in language networks in the inferior frontal gyrus. 34, [39] [40] [41] [42] [43] [44] This asymmetry is supported by preliminary data showing volume and asymmetry abnormalities of the arcuate fasciculus 45 (AF), a major fiber tract involved in language processing, in children with MV ASD. 42 The AF connects regions that are important for mapping oral-motor actions onto auditory stimuli and for motor plan selection in response to auditory feedback and may play a critical role in the communication disorder in MV ASD. Children with ASD show micro-and macrostructural abnormalities in the AF, along with underconnectivity between frontal and posterior temporoparietal brain regions. 35, 36 The third line of research suggesting that intonation-based interventions may be particularly efficacious for children with ASD comes from stroke rehabilitation literature. Melodic intonation therapy (MIT), an intonation-based treatment, has improved language fluency in left-hemisphere stroke patients. 46, 47 Taking all three lines together, we hypothesized that AMMT, adapted from MIT, would train the association between sounds and articulatory actions using bimanual movements performed simultaneously with intoned (sung) words and phrases. Synchronous drumming and singing might engage and stimulate the partially shared network of hand and articulatory actions 28, 48, 49 that may be dysfunctional in children with MV ASD. [29] [30] [31] [32] [33] We defined "minimally verbal" as an expressive vocabulary (words used and understood) of fewer than 20 words. 20 To be eligible for the studies, children must have had a community diagnosis of autism, verified by a score of >30 on the Childhood Autism Rating Scale 50 or >12 on the ADOS. Expressive vocabulary was verified by the number of different words produced during the ADOS or a 21-min language sample at baseline. Because imitation ability has been shown to predict expressive language, 51, 52 participants must also be able to imitate at least two speech sounds. Children with echolalia were not explicitly excluded; however, potential participants with long echolalic phrases generally failed to meet criteria on other grounds (i.e., they had too large a productive vocabulary). Finally, children with diagnoses of sensorineural disorders other than ASD (e.g., deafness and Down's syndrome) were excluded.
Our main outcome measure was percent syllables approximately correct, over a set of 30 bisyllabic words and phrases used in both AMMT and our control treatment. Though acoustic and kinematic measures of speech are objective and available, we used a perceptually based measure because it is both clinically meaningful and ecologically valid as a proxy for speech intelligibility. [53] [54] [55] Adding to the ecological validity, our scoring rubric took into account that children were not expected to produce the stimuli with adult-like skill. A syllable was considered approximately correct if (1) the consonant produced shared two of three phonetic features (voicing, place of articulation, and manner of articulation) with the target and (2) the vowel was within the same class as the target, sharing two features (tongue height and backness, which refer to dorsal/ventral and anterior/posterior position within the mouth, respectively) with the target.
Stimuli were selected to represent common objects ("bubbles"), actions ("all done"), and people ("daddy") relevant to children's lives. Twentyeight of the words appear in the MacArthur-Bates Communication Development Inventory, 56 and the remaining ones are in the top 1008 most frequently used words from the Corpus of Contemporary American English. 57 Stimuli were represented by iconic images printed on laminated cards, which were presented to the child at the start of each trial and removed at its end. Occasionally, a real object ("water," "bubbles," "cookie") was used if available, especially if the named object could be used as a reward. Photographs of the child's parents were also used in place of iconic images in some cases.
In terms of phonological complexity, a range of phonemes and syllables structures was included. While the stimuli were heavily weighted toward early-appearing phonemes, such as /b/, /m/, and /d/, developmentally later-appearing consonants, such as /p/, /r/, and /ʃ/, were also included, 58 because participants varied in abilities, and it was important to avoid both floor and ceiling effects as much as possible. Similarly, syllable shapes included various combinations of vowels (V) and consonants (C): V, CV, VC, CVC, and CCVC, also spanning a range of complexity.
As it is currently implemented, AMMT focuses mainly on training children to more intelligibly produce stimuli; less emphasis is put on using the stimuli referentially, although children are encouraged to use stimuli such as "hello" and "bye-bye" at the beginning and end of sessions, and "more please" to request activities or rewards. Our view is that intelligible speech production is a necessary but not sufficient component for successful use of spoken language and is thus an important treatment focus. Since a range of skills is involved in spoken language development, 24 AMMT fits in with other targeted interventions that aim to teach prelinguistic and communication skills.
Performing multiple baseline assessments before initiating treatment is a staple of single-case experimental designs 7 and serves several functions. Multiple baseline assessments allow children to acclimate to the examiners and environment, establish a stable performance level, and provide an estimation of test/retest variability on the outcome measure before intervention. A child's best baseline score (the session with the highest number of syllables approximately correct) was subtracted from their score after treatment to assess improvement. To minimize perceptual bias, we employed an explicit rubric for determining whether a child's production sufficiently accurately approximated the adult target. [59] [60] [61] [62] Multiple raters, blinded to assessment time point, phonetically transcribed children's responses during baseline and posttreatment assessments.
Adequate inter-rater reliability maximizes precision and statistical power and avoids obscuring a treatment effect. 63 Inter-rater scoring reliability was assessed using a set of 10% of assessment sessions across participants. An independent rater scored this set of sessions and calculated percent agreement (the number of items agreed upon divided by the total number of items), a straightforwardly interpretable quantity commonly used in transcription analyses. 64 Agreement was 68.0% on percent (%) syllables approximately correct, which compares favorably to previous figures for infant babbles (61% agreement, averaged over consonants and vowels). 65 Because percent agreement does not take into account the agreement between raters that would be due solely to chance, 63 we also used Cohen's . 66 For syllables approximately correct, = 0.547, P < 0.0005. There are no hard-and-fast rules for determining acceptable values of , but guidelines 67, 68 classify this as at least "moderate" or "good."
Systematic application of the intervention
The first step in empirical validation is to systematically apply the intervention to one or a small number of participants, 3 establishing initial evidence for a treatment effect. Participants selected at this step are those most likely to benefit from the treatment. Experimental designs include both single-case and uncontrolled group studies. 9 If an effect is present, it will result in a large between-group difference that will clearly indicate whether the intervention's success merits taking it to the next step. That is, the goal of this first step is to collect the information needed to proceed to the next one, as well as information related to how the intervention may work. 5 To apply an intervention successfully to multiple participants, therapeutic procedures must be formalized so that they can be reproduced faithfully by different practitioners. Manualizing a therapy requires piloting a specific set of procedures and revising them as needed until a consistently effective set is achieved. These procedures can then be used to assess treatment fidelity across multiple therapists and participants. 3, 4 Other steps in the initial stages of developing an intervention may include feasibility testing, which can assess the practicalities of providing the treatment in community settings. 3, 5 The feasibility process may involve activities such as finding independent research whose results bear on the theoretical aspects of the intervention, using that research to formulate hypotheses about the mechanism of action of the intervention that can be tested in later phases, and iteratively refining the intervention to maximize positive effects and make it as straightforward as possible to implement. 3 
Systematizing AMMT
In AMMT, stimuli are intoned at a rate of one syllable/s, using two pitches that follow the words' natural prosodic contour. At the same time, therapist and child tap electronic drums tuned to the same pitches, one tap per syllable. A simple, straightforward relationship between musical notes and prosodic structure was chosen because music and language understanding are related to the level of language disorder. 69 The following steps are used in AMMT:
(1) Listening: Therapist introduces target phrase by showing a picture and using it in a semantic context: "It's fun to blow bubbles." Therapist produces target. These steps form a hierarchy. The listening step imposes the fewest demands. Unison production provides maximal support; unison fade less support, immediate repetition still less, and independent production the least. This temporal delay hierarchy is a validated strategy that provides graduated opportunities, giving the child more and more responsibility for retrieving and assembling the motor plan for each word. 70 Each stimulus was practiced five times, as described above, and then another stimulus was practiced. This procedure was repeated until all 15 trained stimuli were practiced in each treatment session. This allowed for both massed practice (many repetitions in a row) and distributed practice (spreading trials over a longer period of time)-principles of motor learning that are important for teaching speech movements. 71 In addition to employing scaffolding hierarchies, massed practice, and distributed practice, we also employed a range of behavioral management techniques as needed. For example, children were positively reinforced for attempting responses by receiving frequent social praise and tangible rewards (edibles, preferred objects, or preferred activities) on variable-interval schedules. Planned ignoring was employed in most cases of mild disruptive behavior. Challenging behaviors were rare and generally addressed by withdrawal of attention, combined with positive reinforcement for appropriate behaviors (such as attempting a vocalization). Subsequently, the child was then prompted to perform an action that had a high probability of success, such as "touch your head" or "clap your hands." In addition to providing the child an opportunity to experience success and earn a reward, this technique maintained the reciprocal contingency with the adult ("you do something for me, I do something for you"). After the child was rewarded for compliance, the session could either continue or be terminated, based on the therapist's judgment. Assessment (probe) sessions were conducted after the tenth treatment session and after every five sessions thereafter. Structure of treatment and assessment sessions was identical (items were presented randomly; all five steps for one item were completed before moving to the next item) except that an additional 15 untrained stimuli were presented during assessment sessions but not practiced during treatment. The purpose of including these stimuli was to assess the degree of generalization that children showed in their developing speech production skills. Assessments were administered by the child's a Phonetic inventory is the number of English consonants and vowels a child was able to correctly repeat (total = 31). b Note that these seven AMMT participants were a subgroup of the replication group.
therapist but, as discussed above, were scored by raters blind to session date. Another outcome of treatment manualization is a set of hypothesized "active ingredients," 4 or features of the intervention considered necessary for its effect. For AMMT, these are (1) intoning the stimuli and (2) simultaneous drumming. Rhythmic drumtapping may activate the auditory-motor network mapping sounds to actions and facilitate speech production by entraining the vocal system and recapitulating the "babbling and banging" stage of speech development. 72, 73 AMMT was fine-tuned in three pilot participants with varying degrees of spoken-language impairment. We established the initial efficacy of AMMT in a proof-of-concept study using within-subject analyses, reporting results for six participants with MV ASD (1 F) aged 5;9-8;9 who received 40 treatment sessions. Participant characteristics are listed by study in successive rows of Table 1 . In this phase of AMMT's development, each participant functioned as his or her own control, with the goal of identifying whether AMMT could consistently produce improvement in a larger group of participants. Best baseline scores averaged 15.0% syllables approximately correct (range 0.0-28.3, SD 12.4); posttreatment scores averaged 51.0% (range 36.7-85.0, SD 17.6). Participants improved by an average of 37.0% syllables approximately correct (SD 11.6). A paired-samples t-test was significant (P = 0.001), and binomial tests of significance revealed that baseline scores were below the 95% confidence interval for posttreatment scores for all participants. 59 The mean baseline score of 15% syllables approximately correct corresponds to nine out of 60 syllables approximated, and the mean posttreatment score of 51% syllables approximately correct corresponds to ß30 syllables approximated. The increase from fewer than 10 to over half of syllables in trained and untrained stimuli produced approximately correctly was deemed highly clinically significant.
Replication of initial findings
Given these promising initial findings, the next step was to replicate these results in a larger group of 17 participants (2 F; aged 3;5-9;8; second row of Table 1) .
A methodological issue arose at this point. Forty sessions of treatment, plus baseline and planned assessment sessions, posed a significant logistical burden for families. Because the magnitude of change after 25 treatment sessions for the proof-ofconcept participants (32.8%, SD 6.9) represented 88.6% of the change after 40 sessions and was still statistically significant (P > 0.0005), we shortened the course of treatment to 25 sessions. Session length remained constant at approximately 45 minutes.
To establish treatment fidelity for both treatments (i.e., to train new therapists), each new therapist first observed sessions with an experienced therapist, and then administered a series of sessions with the experienced therapist sitting in and correcting any mistakes. After the first session where no corrections were needed, the therapist was allowed to treat independently, and performance was monitored periodically thereafter (approximately one of every 10 sessions). To assess treatment fidelity for AMMT and to verify that speech repetition therapy (SRT) did not contain the hypothesized active ingredients, an independent rater viewed video of a total of 26 sessions (11%). Stimuli were intoned and drums used on all AMMT trials and no SRT trials. As previously reported, 60 0.6% of trials included repeated steps and only 0.1% had omitted steps.
In the 17 replication participants, mean % syllables approximately correct at baseline was 29 correct (SD 21.7) was statistically significant according to paired t-tests (P = 0.01). A repeated-measures ANOVA with time (baseline versus P25) as a withinsubjects factor and group (proof of concept versus replication) as a between-subjects factor revealed a main effect of time (F(1,21) = 25.566, P < 0.0005), indicating that the combined group of 23 AMMT participants improved on average. There was no significant main effect of group (F(1,21) = 0.241, P = 0.628), indicating that the proof-of-concept and replication groups were not consistently different over time. Finally, there was no significant time × group interaction (F(1,21) = 2.885, P = 0.104), meaning that the proof-of-concept and replication groups did not have different trajectories over time. Because the two groups were statistically equivalent, they were combined into one analysis. Figure 2 shows the improvement of the proof-ofconcept and replication groups over time.
Combining the six proof-of-concept participants with the 17 replication participants (23 total), mean % syllables approximately correct at baseline was 26.1% (range 0-63.4, SD 16.5); at P25, the mean was 45.5% (range 5-93.4, SD 25.9). The average improvement of 19.4% syllables approximately correct (SD 19.9) was statistically significant (paired t-tests, P = 0.001). Note that the amount of change in the larger group of 23 AMMT participants at P25 was approximately 60% of the change observed in the original group of six participants over the same time period. However, the mean improvement from ß15 of 60 syllables produced approximately correctly at baseline to ß27 produced approximately correctly after 25 sessions (almost double the number at baseline) was still considered clinically significant. This reduction in magnitude of change as more participants received the therapy was not unexpected: the strategy of choosing initial participants who were likely to show a strong treatment effect meant that subsequent tests of the treatment may not result in as large a change.
A further test of an intervention is to compare it to another treatment. As an initial investigation of the two hypothesized active ingredients of AMMT (simultaneous intonation and drumming), we compared AMMT to a control treatment, SRT. While lacking AMMT's active ingredients, SRT included the other aspects of empirically validated treatments, such as a scaffolding hierarchy and opportunities for both blocked and distributed practice. Both treatments employed the same set of bisyllabic stimuli and provided the same dose of therapy. Seven AMMT participants from the replication group of 17 were matched to seven SRT participants on the basis of chronological age, mental age, and phonemic repetition ability at baseline. A repeated-measures ANOVA comparing baseline and P25 performance revealed a significant main effect of time (F(1,12) = 23.508, P < 0.0005), indicating that on average the entire group of 14 children improved from baseline to P25. Mean change was + 15.5%. There was no significant main effect of treatment, so the AMMT and SRT groups were not consistently different across all time points. There was, however, a significant time × treatment interaction (F(1,12) = 14.467, P = 0.003), indicating that the groups showed different trajectories over time. As previously reported, 52 the AMMT group improved by a mean of 29.0% syllables approximately correct from baseline to P25, while the SRT group improved by 3.6%.
In addition to comparing the AMMT and SRT groups' performance immediately after treatment, we also examined whether changes would be maintained at assessments 4 or 8 weeks posttreatment. These results are reported for the first time here. Ten AMMT participants and seven SRT participants who received 25 treatment sessions returned for 4-and 8-week posttreatment follow-ups. (The remaining 13 AMMT participants either received more than 25 treatment sessions or lacked 4-or 8-week follow-up data.)
A repeated-measures ANOVA comparing % syllables approximately correct for the 17-25 session participants with follow-up data showed a main effect of time (F(3,45) = 16.250, P < 0.0005). On average, these 17 participants improved from baseline to P25 + 8 weeks. The difference between baseline and P25 scores (+14.0% syllables approximately correct) was significant (P < 0.001). Neither the difference between P25 and P25 + 4 weeks scores (+ 1.1% syllables approximately correct) nor between P25 + 4 weeks and P25 + 8 weeks (-1.4% syllables approximately correct) were significant (both P = 1.0), indicating that the improvements at P25 persisted into the posttreatment period. There was also a significant main effect of stimuli, such that trained stimuli were produced approximately correctly more often (+6.7%) than untrained stimuli. There was no significant main effect of group (F(1,15) = 0.569, P = 0.462), indicating that the AMMT and SRT groups were not consistently different from each other across time points. However, the significant time × group interaction was maintained (F(3,45) = 8.948, P < 0.0005). There were no other significant main effects or interactions. The time × group figures are tabulated in Table 2 .
Taken together, the results from the larger group of 23 AMMT participants and the matched AMMT and SRT groups continued to demonstrate a treatment effect. Though the magnitude of improvement decreased slightly and clinically insignificantly from the proof-of-concept stage to the replication stage, the difference between the mean improvement in the matched groups still corresponded to a very large effect size (Cohen's d = 3.0) 60 and was thus considered a sufficiently strong result to warrant continuing to the next step, an RCT.
Ongoing and future work: clinical trials and hypothesis testing
The RCT is the gold-standard method to demonstrate clinical effectiveness, 3 because randomization creates groups differing only by treatment. RCTs are challenging to carry out, requiring large numbers of participants and often cessation of other therapies. Thus, ethical considerations come into play. Clinical effectiveness trials, where two treatments are compared to each other, can avoid this problem.
Another challenge in conducting RCTs is that participants who do not improve are much less motivated to remain in the study, leading to skewed results. Adaptive trial designs, such as the sequential multiple assignment randomized trial 74, 75 (SMART), address this issue by allowing for adjustments when participants do not show a prespecified degree of improvement after a certain amount of time. In SMART trials, children are initially randomized to a treatment. Children who do not improve after (say) 12 weeks are then randomized to either (1) an increased dose of the same treatment or (2) addition of another treatment to the first. 75 There are, in addition, experimental designs other than clinical trials 7 that can be used to establish whether an intervention causes an improvement. For example, reversal, multiple-baseline, and changing-criterion single-subject designs are non-RCT methods of ascertaining a causal effect of an intervention.
When conducting a trial, however, prospective power analyses 76 help determine how many participants are needed to show a specific effect and to minimize the risk of false negatives. There are several methods for prospectively determining effect sizes, including referring to meta-analyses of studies that examine the relevant treatment effect; estimating the effect size based on any previous research (including one's own prior studies); and constructing a table to explore trade-offs between number of participants, effect size, and level of statistical power. 76 A variety of power-analysis calculators are available online (e.g., http://www.biostat.ucsf.edu/ sampsize.html).
Currently, we are conducting an RCT comparing AMMT and SRT, using the same inclusion/exclusion criteria and treatment procedures as in earlier stages. Using the standard deviation for % syllables approximately correct that was observed in the initial six participants, we anticipated an effect size of 2.25. To detect this with 90% power requires 10 participants per group. Of course, degree of improvement is not the only aspect of AMMT and SRT that can be tested in the context of an RCT. Other hypotheses about AMMT can also be addressed; for example, that music-based treatment is more enjoyable or motivating for many children with MV ASD. As mentioned by one of the reviewers, this could be accomplished by behavioral coding of the children to determine average demeanor or the rate of escapemaintained behavior during a session, for example.
Designing an intervention does not stop after an RCT, however. The intervention must transition from a controlled laboratory environment to the real world-where children who may not meet the original inclusion criteria receive multiple treatments simultaneously from clinicians who are necessarily generalists. Future testing of AMMT could involve conducting so-called pragmatic trials 77 to assess its effectiveness with extended populations and multiple sites. In pragmatic trials, community therapists would be trained in the basic principles of AMMT and the treatment provided in classrooms or community therapy centers.
Another paradigm for post-RCT study of interventions is comparative effectiveness research 78 (CER). CER trials directly compare the outcomes, effectiveness, risks, and benefits of two or more treatments and provide information that clinicians can apply to typical patients. 78 However, because differences between proven therapies are expected to be very small, CER trials require longer followup periods and larger numbers of participants. In addition, CER data are often challenging to interpret because of higher rates of missing data and confounds, which all affect treatments delivered in actual community settings.
Thus, some researchers provide experimental therapies as adjuncts to treatment as usual (TAU). In the case of treatment for children with MV ASD, TAU generally consists of 20-30 h per week of applied behavior analysis-based treatments, structured into 30-min periods of 1:1 or 1:2 behavioral work with a therapist, interspersed with snack, lunch, and recess periods. In one such study, 79 daily half-hour sessions of an experimental treatment were added to children's TAU regimens. AMMT could similarly be tested as an adjunct treatment targeting spoken language; in this case, data would have to be collected about the volume and types of other treatments that participants receive.
Finally, there are a variety of other aspects of intervention development that are worth mentioning, though they are beyond the scope of this article to discuss in detail. Feasibility testing assesses whether the capacity of a particular location is conducive to carrying out an RCT 80 and is important when considering implementing a treatment internationally. Generalizability 81 is a way of determining whether the findings of a particular RCT can be extended to similar populations; for example, whether the effects of a music-based intervention for social interaction, originally designed for children with autism, might generalize to children with social communication disorder or language disorder. Translation, implementation, and maintenance are later stages of intervention development, in which a proven intervention is embedded into ongoing clinical practice and adopted as part of the standard of care.
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Conclusions
Different considerations apply at different stages in an intervention's "life span." Treatment modality must be motivated clinically and theoretically. Music-based interventions may provide a unique avenue for improving spoken language in children with MV ASD by engaging them in enjoyable turntaking activities that capitalize on their strengths and involve mapping auditory to motor actions. Precise characterization of the target behavior and careful selection of outcome measures maximize the ability to detect a treatment effect. At all stages, blinding, fidelity assessment, and inter-rater reliability assessments reduce the effect of experimenter bias. During later stages, larger samples are needed to demonstrate a predetermined effect size. Final testing must occur in community settings, assessing an intervention's viability in real-world contexts. These procedures inform clinical decision making, from determining whether the intervention has any effect at all to assessing its outcomes and risks in uncontrolled community settings.
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